STATUSOF HIGH PERFORMANCE COMPUTING WITHIN
THE LRP

1 Summary of Original LRP Goalsin Computation

Two strong recommendations weremadeaspartof the Computatiorsection:
1. the CADC hostdataarchivesof upcomingprojectsandwork on new data-miningtechniques;
2. fundsbeallocatedowardthe provision of amid-rangeHPCfacility to be hostedat CITA.

Two furtherrecommendations weremade:

1. NSERCequipmengrantsbeincreasedo enableresearchert keeppacewith thevolumeof dataand
computation;

2. anationally-fundednultidisciplinaryHPC network be establishedhroughCFI funding.

Thefirst strong recommendation is addresseth thereportby David Schadeon the CADC'’s actvities and
the statusof datamining. In this reportwe will addresghe secondstrong recommendation, and discuss
issuegelatedto the two recommendations

2 HPC in Contemporary Astronomy

21 Oveview

Astronomyis in themidstof asilentrevolution. Drivenby thecontinuedadvancemenof Moore's Law (that
computationapower and storagecapacitydoubleevery two years)andimprovementsn detectortechnol-
ogy, the sizeof obsenrationaldata-setss growing exponentially To handlethis flood of data,astronomers
requiresimplerandfasterdata-accessia internationahetworks. Whentheoryandsimulationareincluded
in this picture,it becomeslearthatHigh Performance&Computing(HPC)is anindispensablendenabling
technologyfor modernastronomyandastrophysics.

Moreover, computationhasbecomefully establishedsthe third “tyne” of the astronomicalresearch
“trident” asillustratedin Figurel. Interactiorbetweertheoryandexperimentoftenworksindirectlythrough
the computation‘conduit”. Furthermorethe developmentof the Virtual Obseratory conceptmeansthat
over the coming years, the relationshipbetweencomputationand obseration will becomeeven closer
Advancesn computepower, networking andvisualizationwill only sene to cementhis relationship.

2.2 ScienceDrivers

The four new major obsenratoriesplannedfor the next 20 years,ALMA, JWST, SKA and VLOT will
provide dataof unprecedentedize and accurag. While analysingthe datafrom theseinstrumentswill
be challengingin itself, the effect theseinstrumentshave on the developmentof theorywill be profound.
Astrophysicaltheoryis currentlyundegoing a shift from singleto multi-physicsmodels,andthe new data
will seneto pushthistransformationScienceareaghatwill be heavily impactedby thenew obsenatories,
aswell asadvancedn HPC,include:

e Dataanalysis: UsingALMA asanexample givenadata-ratef 200TB/year thevisibilities database
is expectedto exceedl PB of dataafter5 yearsof obserations.
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Figurel: The“trident” of modernscientificinvestigation.

Planet Formation: Dataforthcomingfrom the ALMA projectwill placenew constraintontheories
of planetformation. A cohesie picture of planetformation needsto incorporateself-gravitational
MHD, dust,andradiative transfer

Star Formation: While the qualitative pictureof starformationhasbeenknown for decadessimu-

lating thefull collapseproblemis exceptionallychallenging Not only is theradiationhydrodynamics
problemdifficult from a technicalperspectie (6-D), the changein length scalesis extreme(seven

ordersof magnitude).

Supernovae: At presenthe bestignition modelsare 2-D. Improving this to 3-D will requirea 100-
fold improvementin computationapower.

Galaxy Formation and Evolution: The combinationof insuficient resolution,anda lack of a de-
tailedunderstandingf globalstarformationmake currentmodelscomparatrely primitive.

Numerical Relativity: Thegrowth of gravitationalwave astronomywill requireprecisecalculations
of wave signaturedor variousastrophysicaphenomena3-D calculationsof black hole coalescence
arein their very earlieststagesandrequirea significantincreaseén computepower.

Astrophysical Turbulence: Turbulencecontinuedo be atopic thatdefiessimpleexplanations.As-
trophysicalmagneticReynoldsnumberscanexceed10', whereascurrentsimulationscanreachef-
fective Reynoldsnumbersof only afew thousand.Thus,thereis still a greatdealof resolutionto be
exploredto cover realisticallythe cascadéandinversecascadedf enegy from large scalego small.

3-D Modelsof Stellar Structure: A detailedunderstandingf corvectionzoness vital asthey affect
stellarstructure gvolution, spectraandoscillations.A crucial stepin stellarstructuremodellingis the
additionof radiationhydrodynamigrocessewhich arecomputationallyexpensve.



3 International Landscape

The top 500 supercomputersn the world are ranked accordingto computationalpower semi-annually
(http://www.top500.0g). From 2001throughto November2003,Canadehashada maximumof five aca-
demicmachineson this list, anda minimumof one. Thelist hasarapidturnover, both becausef Moore’s
Law anda growth in the averagenumberof CPUsper machine: machinesare getting fasterand larger.
Matchingan exponentialprofile to the gronth of computingpower shavs thata machineplacedat #1 ini-
tially, canbe expectedto take 7 yearsto fall off thelist. Within the pastfew years,no academianachinen
Canaddasexceede®0%of the powver of the 10th placedmachineonthelist. In thelasttwo years,Canada
hasranked betweerbth and8th relative to the G8 countries.

Althoughnolongerhostto thelargestmachinan theworld, the USA holdsasizableleadin termsof the
numberof supercomputersn thetop 500. Evenstill, losingthe#1 positionon thetop 500" hasprompteda
knee-jerkrespons@n theUSthatis polarizingthe AmericanHPCcommunity The NSFCyberinfrastructure
reporthasrecommendeéhcreasednvestmenin HPC,althoughpresenbudgetaryconstraintsareseverely
hamperinghis push. Today for example,creatinga machineto occugy the #1 spoton the top 500 would
costin excessof 10° US$. However, a #10 machinewould costlessthan10’ US$. The messagés clear:
beingthebestis very expensve; beingsecondestisn't.

Other countriesare aggressiely pursuingimproved HPC infrastructureas well. Spainhasrecently
investedUS$80million to build a new nationalHPC facility. In Germary, the Max PlanckInstitute for
PlasmaPhysics(IPP) established computingfacility in 1960which hasevolvedinto the RZG Supercom-
putingCentre.TheRZGis now solargeit senesboththelPPandtheMax Planckinstitutefor Astrophysics
andregularly placesn thetop 20 of thetop 500 (currently31).

Numerousresearchgroupsaroundthe world who do not have accesdo, or choosenot to accesma-
tionally supportecacademidop 500 sites,have beenableto accesgundsto purchasesystemswith several
hundredCPUsfor their own dedicateduse. This is a concernbecauseheseefforts, which seemattractve
to thefundingagenciebecausef their relatively low costs have theeffect of concentratingiPCresources
for useby thefew. For example,in cosmologyanumberof individual researclgroupsnow have dedicated
accesso large clusterg(e.g., Hernquists groupat Harvard, Frenks groupat Durham,CambridgeRelatvity
Group,andto alesserextentthe UK AstrophysicaFluidsFacility at Leicesterandeven CITA's McKenzie).
Researchunits with dedicatedaccesdo suchlarge facilities have a unigueadwantage:they areableto run
large scalesimulationson thesemachinedor weeksat atime. This situationhasled to Hernquists group
takinga clearleadin simulationsof cosmologicaktructureformationby runninga seriesof modelswhich
took 6 weekseachto run ontheir cluster

4 National Issues

4.1 Funding

Sincethe LRP waswritten, the CFI and provincial funding agenciedhavze committedalmost$240million
to HPC. This investmenthasresultedin the establishmendf 7 majorregional computingcollaborationsn
CanadaWestGrid(Alberta, B.C.), SHARCNET (SouthernOntario),PSciNet(Toronto), HPCVL (Eastern
Ontario),RQCHP(Quebec)CLUMEQ (EastermQuebec)andmostrecently ACEnet(Atlantic Canada)As
aresult,mary mid-rangesenershave beenpurchasedor academiaiseacrossCanadaandthesituationfor
computationatciencas significantlybetterin 2004thanit wasin 1999. ThroughPSciNet,CITA purchased
a 576-processotBeowulf” cluster(*McK enzie"),aswell asa 32 processoSMP. As one of four ACEnet
sites, Saint Mary’s University will install more than $5 million of nev computationaland visualization

currentlyJapars ‘Earth Simulator’,alsodubbedComputenik’ by US journalistsin analogywith Sputnik.



equipmentver the next two yearsto support,primarily, its new Institutefor ComputationalAstrophysics
(ICA). SHARCNETIs currentlypreparingo placenew senersatits membeiinstitutions(McMaster UWO,
Waterloo,Guelph,Windsor Laurier, York, Brock, UOIT, SheridanFanshave) aspartof a$49million CFI2
grant. Further sincetheseinstallationsare CFl-supportedat least20% of the cycleson the new machines
areavailableto outsideuserdrom ary discipline(includingastronomeratotherinstitutionsacrossCanada).

4.2 Installed Facilities

As of November2003, 4 Canadianuniversitieshousedcomputingfacilities that listed in the top 500. In
order of ranking on the top 500 they are UBC (58), Toronto (CITA, 70; Particle Physics,140), Calgary
(450), and McGill (499). Facilities with a computationalpower in excessof 120 GFlopsare presentat
Alberta,Queens, Victoria, UWO andMcMaster

4.3 Canadian Strengths

Canadian$ave an excellenttrack recordin computation.Significantcontritutions have beenmadeto the
developmentof cosmology magneto-hydrodynamigcgalaxyandplanetarydynamics,andstellarstructure
andatmospheresCanadiarresearcherbave alsocontritutedto the developmentof a numberof key com-
putationalpackagesisedby the astrophysiceommunity

4.4 Institute for Computational Astrophysics

Sincethe LRP waswritten in 1999, SaintMary’s University usedsomeof its CRC complemento found
the Institute for ComputationalAstrophysicqICA). After an 18-monthsearchiwo Americans,asit turns
out, wereawardedCRCsin computationahstrophysicsDr. RobertDeupregrom Los Alamos,well knowvn

for his work in the Helium Flashproblemand multi-dimensionalstellar structure,accepteda tier | chair
andassumedhe ICA directorship,and Dr. JoeHahnfrom the Lunar and Planetarylnstitutein Houston
acceptedatier Il chair DeupreeandHahnjoinedtwo existing computationafaculty at SMU (Clarke and
Guenther)aswell asa new faculty appointmentreatedby the university andaccepteddy Dr. lan Short
(partof the Phoenixteamon stellaratmospheresyho is a Maritimer by birth, andwho wasin a tenure-
track positionin Florida. Sincethen,two post-doctorafellows have beenappointedo the ICA aspartof a
five-yearplanto acquirea steady-stat® DF populationof eight,andanew Ph.D.programmen Astronomy
hasbeenapproed andimplementedat Saint Mary’s, the first sciencePh.D. programmein Nova Scotia
outsideDalhousie.

Computationalesourcest the fledgling ICA weremodestduring the time the threenew faculty were
beingrecruited,andtheimportanceof its participationin ACEnetin attractingthe new facultyandPDFsto
Halifax cannotbe overstated While muchof this reportappropriatelyemphasizethe needfor a nationally
funded top 20 academigite,therolesplayedby well-supportedegionalsitessuchasACEnetshouldnotbe
forgotten.Indeed nationalsitescouldwell be built onthe shouldersof vigorousregional siteswho already
have the building andstaf supportstructurein place.

TheLRPreportin 1999, whichwasenthusiasticallgndorsedby SaintMary’s presidentplayeda strong
role in exciting the senioradministrationaboutestablishinghe ICA, andit is fair to saythatthis reportis
in partresponsibldor theinstitutess existence.Iln asmuchasthe ICA thenhelpedmalke ACEneta more
credible proposal,the LRP cantake someindirect credit for the succesof ACEnet. However, ACEnet
itself, which hadvery strongparticipationfrom the physics,chemistry computingscienceandoceanogra-
phy communitiesin Atlantic Canadawould have beenfundedwithout the LRP (thoughSMU’s andthus
astronomys participationwould have beensignificantlyreduced).



45 CITA

CITA wasa memberof PSciNetl, andusedthesefundsto first acquirea 32 processornlphaGS320shared
memorymachineaswell asa 16 processorlphacluster This investmenwassupportedy the university
throughthe provision of a parallelprogrammer

While this initial infrastructurewas expensve per unit of raw performanceijt allowed researcherso
rapidly exploit the availability of a significantnumberof computecycleswith minimal changego existing
codes.Scientificresultscameoutrapidly. As experiencewith parallelsystemsyren, someproductioncodes
were portedto run effectively on cheapedistributed memorycommaodityhardware platforms. Whenthe
time cameto upgradeheinfrastructureadecisionwasmadeto transitionto amassvely parallelcommodity
processocluster(McKenzie)which ranked 34th on the top 500 list in June2003. By using commodity
parts,the systemwasassembledt a modestcostof under$l million (CAD). A numberof codeswereable
to successfullyexploit the new hardwarewithin weeksof arrival, andtranslatethe world classhorsepwer
into leadingedgescientificresults.

Throughouthis period,CITA hasalsosupportedhe Canadiarastronomycommunity As partof acom-
mitmentto CFIl, 20%of cycleson CITA facilitiesareheldfor externalusers.Massvely parallelapplications
currently running on McKenzieinclude; SPH for cosmologyand planetformation, MHD for black hole
accretion,superngae, cosmologyandinterstellarmediumsimulations linear algebrafor CMB analysis,
Monte-Carloapplicationgangingfrom stellarstructureto chemicalengineering.

A key themeat CITA hasbeenthe focuson leadingedgecomputationanda significantfraction of the
cyclesareusedin dedicatednode(‘capability computing’) wherea single applicationcan obtainmonths
of the whole machineto performthe worlds biggestsimulations. The CITA modelhasalsoshavn thata
science-focuserhachinecanbeinstalledandmaintainecat very low overhead.

5 Summary

Neitherthe ICA northeregionalHPC consortiassuchasACEnet,SHARCNET, andWestGrid,who directly
andindirectly supportcomputationahstrophysicistsyerepartof thelandscapavhenthe 1999LRP report
wasreleased.Thus,the strongrecommendatiomo supporta mid-rangesystemat CITA now seemsut of
dateandunderambitious. Nonethelessthrougha proposalthat originatedfrom the University of Toronto
(not a nationaleffort), CITA is now hostto the McKenzieclusteraswell asa 32-processoBEMP. While to
someextentthis canbe viewed ashaving realizedthe strongrecommendatiorexternalaccesss limited to
only 20%of theresearchime onthesemachinesand,moreimportantly thesemachinesveredesignednd
installedprimarily with the needsof CITA researchers mind, not the nationalcommunity

The CFI fund-and-matcHormula hasresultedin the establishmenof regional consortia,wheremid-
rangecomputingis nov readily available. Corversely nationalfacilities have not emeged due to the
provincial-matchfunding mechanism Regional facilities, thatare sharedamongmary disciplinesandre-
searcherswhilst providing resourcegor mostmid-scaleuserswho needdozensof processorsare often
heavily utilized. This placesuserswho wish to usethe entireresourceor a particularprojectat a cleardis-
adwantagethesesystemsarerarely free for suchendeaours. With the establishmenof ACURA it is now
possibleto presenta nationalvision for top tier infrastructure.A cooperatie nationaleffort could procure
a machinewith thousand®of processorshat focuseson runninglarge jobsin a dedicatednode,enabling
sciencehatcannotberealizedon ary mid-rangefacility.



6 FutureProposals

Astronomergollaboratewell. The necessityof cooperatie proposaldor off-shoreinstallationshasdevel-
opeda culturewith very little geographidension,anda greatmotivationto succeedln starkcontrastthe
preparatiorof anLRP for HPCin Canadaled by C3.cahasprovento beexceedinglychallenging primarily
becausef theinability of differentfieldsto seebeyondtheir own individual needsandaspirationsFurther
it hasbecomeclearthatastronomeri Canadehave anexceptionalHPC skill setthatappeargo leadother
disciplines.

In light of recentdevelopmentqthe ICA andregional consortia),funding a nationally-suppded ma-
chine,perpetuallyupdatedo remainin thetop 20, is realistic. Housingsucha facility atoneof theregional
consortiawherebuilding infrastructureand supportstaf arealreadyin place,would be prudenteconomi-
cally. Theastronomicatommunitymay wish to suggesthatsucha machinebe acquiredfor the exclusive
useby astronomerdhut a coordinatecdeffort with the greatetHPC communityin Canadge.g., the LRP for
HPC effort) is clearly an alternatve approach.However, in ary cooperatie effort time-sharingssueswill
be centralto the succes®f the proposal.

Recommendation: A top 20 facility be installedand maintainedin perpetuity Sucha facility could
be installedat an individual institution, at one or more of the regional HPC consortia,or possiblyat a
specificallyconstructechationalsite in collaborationwith interestedscientific communities(e.g., materi-
als physics,chemistry andbiology). The inclusionof Boardsof Governorsof HPC consortia,university
authorities federalfunding agencie{NRC, NSERC,CFI or its successor)and possiblyACURA, will be
a necessaryart of the proposalprocess.Collaborationwith C3.ca,andinclusionin the LRP for HPC,is
desirablebut not necessary Costscan be expectedto be in the region of $15 million (CAD) per 3 year
technologyrefreshcycle.

Theirrepressibleadvanceof the top 500 meanghatastronomersn Canadaneeduninhibitedaccesso
aninternationallycompetitve facility within the next threeyearsto preventour recentstridesforward from
beingeroded.

RobertThacler, Ue-Li Pen,andDavid Clarke



